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RESEARCH STATEMENT  

Extended detention and full-spectrum detention basins improve the quality of stormwater runoff 

through settling of sediment. This is achieved by detaining and slowly releasing the stormwater 

over a prescribed time duration of generally 40-72 hours. The metering of the impounded 

stormwater through the outlet structure is accomplished through one or more vertical columns of 

orifices in a steel plate that is affixed to the face of the structure, such that the orifices span the 

depth of the water quality impoundment. These orifices are protected from debris clogging with 

a well screen, as shown in Figure 1. While this practice has been proven to reduce TSS and 

related pollutants, maintenance of the orifices and the well screen is significant. An alternative 

outlet that is less susceptible to clogging and therefore requires less frequent maintenance would 

be of great benefit to the Colorado Department of Transportation (CDOT) and others. 

 

 

Figure 1. The current standard for water quality outlet design includes a column of small orifices, protected from 

clogging by a well screen (shown removed for maintenance). The well screen was added after earlier installations 

demonstrated a great propensity for clogging. Unfortunately, the well screen also becomes clogged and is 

considered a significant maintenance issue for CDOT field personnel. 

 

Key Words: Stormwater Detention Practices, Water Quality Capture Volume, Excess Urban 

Runoff Volume, Extended Detention Basin, Outlet Structure, Micropool, Stormwater 

Maintenance.
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1. INTRODUCTION  

All new construction and redevelopment sites in the CDOT MS4 (Municipal Separate Storm 

Sewer System) permit area are required to evaluate whether stormwater controls are required per 

CDOTôs NDRD (New Development and Redevelopment) Program requirements to address 

higher runoff volumes and pollutant loads associated with an increase in impervious surfaces. 

These controls are here referred to as Permanent Water Quality Control Measures (also known as 

permanent Best Management Practices or BMPs). Water quality control measures must be 

periodically maintained to ensure functionality. Therefore, CDOT requires facility inspections to 

identify any maintenance needs such as sediment or weed removal. 

 

The Urban Drainage and Flood Control District (UDFCD) promulgates regional stormwater 

quality criteria including design standards for extended detention basins to remove sediment by 

settling action. For many highway projects, extended detention basins represent the default water 

quality BMP and there are thousands of these basins in service across the Colorado. As recently 

as 2010, the UDFCDôs Urban Storm Drainage Criteria Manual (USDCM) Volume 3 

recommended an outlet structure for detention basins that included a water quality plate having 

orifices spaced 4ò vertically on center and being sized such that the water quality capture volume 

(WQCV) drain out in 40 hours or longer, as shown in Figure 2.  

 

The problem with this guidance is that smaller water quality orifices clog more quickly, and the 

UDFCD guidance often resulted in very small orifices. CDOT has followed the UDFCD 

guidance in numerous detention basin outlet structure designs. In September 2012, UDFCD and 

CDOT partnered to jointly fund a study to examine alternatives to the columns of small orifices 

and accompanying well screens which represent the state of practice for water quality, and also 

to examine the hydraulic characteristics of detention basin overflow outlets and develop 

equations, methods, and tools to better design stormwater quality extended detention basins.  
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Figure 2. As recently as 2010, the USDCM recommended a water quality metering plate with orifices spaced 

vertically 4ò on center. This guidance often resulted in very small water quality orifices that were prone to clogging 

and created nuisance ponding of water and maintenance problems. 
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2. ELLIPTICAL SLOT WEIR ALTERNATIVE  

In order to provide the slow metering of the WQCV necessary to remove sediment through 

settling, a V-notch weir was analyzed. It was apparent that the slot would have to be very narrow 

in order to not drain too quickly and an adjustment to the shape of the V-notch resulted in an 

elliptical slot. The principal benefit of the elliptical shape over the simple V shape is that it drains 

the top zone more quickly and the lower zone more slowly, allowing better settling of the storage 

volume and resulting in cleaner stormwater discharges. A schematic is shown as Figure 3. 

 

Figure 3. A visualization of the construction of the elliptical slot weir from the gap between the upper halves of two 

vertical ellipses having a large major-to-minor axis ratio. 

 

2.1 Computational Fluid Dynamics (CFD) Modeling 

In May 2011 UDFCD contracted with ARCADIS U.S., Inc. to perform Computational Fluid 

Dynamics (CFD) modeling of the weir. This modeling was based on a design where the major 

axis of the ellipse was ten times greater than the minor axis of the ellipse used to construct the 

profile of the weir. The gap width at the bottom of the notch was equal to 0.04 ft, and the total 

height of the weir was equal to 3.0 ft as shown in Figure 4. 
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Figure 4. Elliptical slot weir design information. 

 

Three different CFD models of the weir were constructed. The first model contained 

216,000 control volumes (40 x 60 x 70) and the other models contained 25% more total control 

volumes and 25% less total control volumes. Comparison tests, based on results provided by 

these different models, were used to assess grid sensitivity. Other tests were also carried out to 

determine the sensitivity of model results to turbulence closure and program version. In all of the 

simulations carried out, an *.stl file was used to define the weir structure inside of the model 

grid. 

 

In each of the calculations flow was introduced at the model boundary upstream of the weir 

(specified water surface elevation) and flow left the domain downstream of the weir 

(continuative boundaries at the at the bottom and downstream side of the grid). No-slip boundary 

conditions were specified at all solid walls, and two different turbulence closure schemes were 

invoked (the Renormalized Group (RNG) model for turbulence was used in some of the 

calculations and the standard k-e model for turbulence was used in others). Sample graphics 
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showing the calculated fluid configuration for flows with head elevations equal to 1.0 ft and 2.0 

ft are provided in Figure 5. In these visualizations the fluid free-surface is defined as the location 

of the three-dimensional contour where the volume fraction is equal to 0.5. In frames (c) and (d), 

the fluid body has been colored by pressure - a hydrostatic distribution exists upstream of the 

weir and pressures in the nappe are atmospheric. 

 

Figure 5. Fluid configuration: (a) 1.0 ft Head, (b) 2.0 ft Head, (c) 1.0 ft Head, Side View, Colored by Pressure ï 

Common Scale, (d) 2.0 ft Head, Side View, Colored by Pressure ï Common Scale. 
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Stage-discharge curves for an elliptical slot weirs having a 10:1 major-to-minor axis ratio and 

slot gaps of 0.01, 0.02, and 0.03 ft were developed from the CFD model and are shown in 

Figures 6 through 9. 

 

 

Figure 6. Stage-discharge curve for elliptical slot weir having a 10:1 major-to-minor axis and a slot width of 0.01 ft. 

 

Figure 7. Stage-discharge curve for elliptical slot weir having a 10:1 major-to-minor axis and a slot width of 0.02 ft. 
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Figure 8. Stage-discharge curve for elliptical slot weir having a 10:1 major-to-minor axis and a slot width of 0.03 ft. 

 

 

Figure 9. Comparison of stage-discharge family of curves for elliptical slot weirs having a 10:1 major-to-minor axis 

ratio and slot gaps of 0.01, 0.02, and 0.03. 

 

 

 


